Background: Barbed sutures may expedite dermal approximation and improve tissue support while requiring less time and material than conventional sutures. Several types of barbed sutures are available, each with unique advantages. Objectives: The authors sought to determine whether the incidence of complications differed after wound approximation in plastic surgery when various brands of barbed vs nonbarbed traditional sutures were employed. Methods: The authors conducted a retrospective review of outcomes in body contouring, free flap, and breast reconstruction. Suture type and closure method were noted for each case. The number of complications after traditional 2-layer closure with nonbarbed sutures was compared with the number of complications after closure via 1-and 2-layer techniques with several brands of barbed sutures, and the brands of barbed sutures were compared with each other. Results: A total of 1011 unique surgical procedures, including 298 procedures with barbed sutures and 713 procedures with nonbarbed sutures, were performed by 5 members of the plastic surgery faculty. The 2-layer technique with barbed sutures was associated with significantly higher rates of wound separation than traditional methods. Excessive erythema along the incision site was significantly more frequent with Quill barbed sutures than with V-Loc barbed sutures. Conclusions: Barbed sutures were associated with significantly higher rates of minor wound complications, specifically when the 2-layer closure technique was performed. Significantly higher rates of erythema were associated with Quill barbed sutures than with V-Loc barbed sutures.
Technological advancements aimed at reducing operating times and complications have substantially increased the number of wound closure tools available to the plastic surgeon. An example of this is the emergence of barbed sutures in the 1960s and their modifications over subsequent decades. 1 Early barbed suture models were intended for lifting and shaping of tissue; however, when maintenance of long-term outcomes was unsatisfactory, the utility of barbed sutures was reevaluated as a knot-free device for expeditious soft-tissue approximation. Subsequent clinical research supported the advantages claimed by suture manufacturers, including significantly reduced operating times 3, 4 with minimal sacrifice of closure strength and scar cosmesis. 5, 6 Contrary findings have included higher costs, complications in specific anatomic areas such as the arm 7 and breast 8 ( Figure 1 ), and suture extrusion with slow-absorbing models. Conflicting evidence may leave some surgeons hesitant to implement barbed sutures in clinical practice. Conflicting evidence may leave some surgeons hesitant to implement barbed sutures in clinical practice.
Currently manufactured barbed sutures include the Quill Self-Retaining System (SRS; Angiotech, Vancouver, BC, Canada), the V-Loc (Covidien, Dublin, Ireland), and the Stratafix (Ethicon, Somerville, NJ). Results of recent studies demonstrated that barbed sutures are markedly more expensive than traditional wound-closure methods, with V-Loc 90 sutures costing approximately 6 times more than Vicryl sutures and twice as much as Monocryl sutures (both from Ethicon) per strand. 3 Quill polydioxanone (PDO) sutures may cost 7-fold more than Biosyn sutures (Covidien), but have been shown to be more cost effective overall due to a reduction in operating room and anesthesiarelated fees. 8 Important differences distinguish bidirectional and unidirectional barbed sutures ( Figure 2) . A bidirectional barbed suture contains a needle on each end with barbs changing direction at the suture's midpoint. 9 Closure typically begins at the incision midpoint and proceeds toward the wound apex in opposing directions. At either end, the unidirectional barbed suture has a needle and an anchoring loop to promote suture fastening, with barbs running in 1 direction along the length of the suture. 3 Because specifications such as cut angle, length, depth, and helicity differ across barbed suture models ( Figures 3 and 4) , the devices theoretically should perform differently in vivo and may be suited for different tissue types. For instance, increases and decreases in the cut angle result in a more or less flexible barb, respectively. 10 Manufacturer-sponsored studies examining complications after procedures with barbed sutures have been limited to 1 suture model at a time. Comparisons among barbed sutures from different manufacturers have addressed only wound strengths in animal models. 11, 12 In this study, we compared barbed and conventional (nonbarbed) sutures applied to wound closures following plastic surgery for differences in wound complications.
Subsequently, the bidirectional Quill PDO (Figure 3 ) and the unidirectional V-Loc 90 or 180 ( Figure 4 ) devices were compared for differences in wound complications between barbed suture models.
METHODS
The study was conducted in accordance with good clinical practice requirements which also conform to the principles of the Declaration of Helsinki. After being granted approval from the Institutional Review Board at the University of Texas (UT) Southwestern Medical Center (Dallas, TX), a retrospective chart review was conducted on a database of 1801 patients who underwent consecutive, unique procedures involving complex free flap, breast reconstruction, and body contouring as defined by Current Procedural Terminology (CPT) codes. Patients were treated by members of the UT Southwestern Plastic Surgery Department from January 2008 to January 2012 at facilities associated with the UT Southwestern Medical Center (Parkland Memorial Hospital, St. Paul University Hospital, Zale Lipshy University Hospital, and the Outpatient Surgery Center).
A filter was generated and applied to the patient database to isolate and select cases that involved a barbed suture for dermal approximation. Criteria for selection of barbed sutures included a potential decrease in wound closure tension and a potential reduction in operating time and its associated risks and costs. The CPT code for each procedure was recorded (Table 1) , and a list was populated of the same procedures performed by the same surgeons with nonbarbed suture devices. This approach was contingent on the existence of paired procedures involving barbed and nonbarbed dermal closure for direct comparison of resulting wound complications. Inclusion criteria for patient records were CPT codes and follow-up for ≥60 days to allow for sufficient assessment postoperatively. Patient records with <60 days of follow-up were excluded from the study. Age, body mass index (BMI), and other comorbidities were not considered in the chart selection process.
In some cases, multiple CPT codes were associated with the same chart (eg, liposuction combined with other procedures). However, no charts employing barbed sutures for dermal closure involved liposuction alone. Complication profiles after 1-layer closure with barbed sutures (Quill, V-Loc) were directly compared with profiles after traditional closure with nonbarbed sutures. Similarly, 2-layer barbed sutures were compared with traditional methods. Cases involving barbed sutures were further divided into Quill and V-Loc subgroups to detect significant differences in wound complication profiles between brands.
Data Collection
Patient information was gathered from electronic medical records (EMRs) and paper charts when the latter preceded EMR implementation. Data regarding patient demographics, perioperative reports, and postoperative progress were collected from charts prepared by the attending surgeons overseeing each surgery. The database of 1801 patients spanning 4 years was compiled in an Excel spreadsheet (Microsoft, Redmond, WA) and contained nearly 100 variables specific to each surgical encounter (ie, any instance of a patient undergoing surgery; operations in the same patient on different dates corresponded to different encounters) including operating time, perioperative vital signs, implementation of anticoagulant and antibiotic therapies, and suture type. The decision to place barbed sutures was recorded independently of patient characteristics.
Duration of postoperative patient follow-up was ≥ 60 days. After thorough review of follow-up notes, postoperative wound complications were divided into 8 categories: infection, 2 categories of wound separation (superficial dermal separation or full fascial dehiscence), erythema, necrosis, seroma, hematoma, and delayed wound healing. Superficial dermal separation was defined as minor dehiscence that resolved with proper outpatient wound management alone (eg, wet to dry dressing changes). Full fascial dehiscence was defined as a major wound complication requiring return to the operating room and reinduction under anesthesia. Clinical follow-up notes or surgeon reports indicating suboptimal healing rates (eg, "not healing properly" or "delayed wound healing") were categorized as delayed wound healing. Most wound complications were nonexclusive, allowing for combinations of outcomes. When erythema preceded subsequent infection, the wound complications were exclusive. Erythema was defined as a markedly increased inflammatory response that prompted documentation in the medical record and that resolved without antibiotic treatment. Patients requiring antibiotics or explicitly demonstrating signs of infection (eg, purulence along incision site, cellulitis, or marked tenderness) as described in the medical record were recorded as infection rather than erythema. Because superficial dermal separation and full fascial dehiscence could not occur simultaneously in 1 patient, these wound complications were exclusive.
Statistical Analysis
Contingency tables (2 × 2) were constructed for each of the 8 types of wound complications along with the presence or absence of a barbed suture. Outcomes reported as dichotomous variables (ie, yes or no) were analyzed with the Fisher exact test, with statistical significance defined as P < .05. Differences in continuous variables such as age and BMI were ascertained by means of the t test.
RESULTS
A total of 1075 unique surgical encounters were included in the study. From the 1801 original surgical encounters, 726 encounters consisted of cosmetic cases to include fat injection, liposuction, and rhinoplasty where barbed sutures were not used. Following exclusion of these cases, a total of 1075 unique surgical encounters were included in the study. Of these, 64 were excluded due to lack of sufficient data (eg, no suture type specified, no barbed/nonbarbed CPT codes Table 2 .
Of 298 patients who received barbed sutures, 33 (11.1%) were men and 265 (88.9%) were women (mean age, 47 years; Table 3 ). Of 713 patients who received traditional, nonbarbed sutures, 142 (19.9%) were men and 571 (80.1%) were women (mean age, 52 years). Mean BMIs were similar for the barbed and nonbarbed groups (29.0% and 28.8%, respectively). Significant differences between barbed and nonbarbed groups were noted for mean patient age (47 y vs 52 y, respectively; P < .001) and the presence of diabetes mellitus (10.7% vs 15.6%, respectively; P < .001). No statistically significant differences were noted between the 2 groups for any other patient characteristics or comorbidities (eg, tobacco use, hypertension, and coronary artery disease; Table 3 ).
The overall complication rate was 25.2% (n = 75) for the barbed suture group, with erythema (7.0%), infection (6.7%), and wound separation of superficial dermis (6.7%) occurring most frequently ( Table 4 ). The overall complication rate in the nonbarbed group was 23.1%, with infection (8.8%), seroma (5.9%), and erythema (4.6%) occurring most frequently. Overall rates of wound complications between barbed and nonbarbed surgical cases were not significantly different (P = .49). However, the difference in rates of overall wound separation was statistically significant (8.7% barbed vs 4.1% nonbarbed, P = .004), prompting closer review of patient charts and categorization of the wound separation category into superficial dermal separation (6.7% for barbed sutures vs 2.7% for nonbarbed sutures; P = .003) and full fascial dehiscence (2.0% barbed vs 1.4% nonbarbed, P = .48). There were no statistically significant differences in other adverse outcomes (infection, erythema, necrosis, seroma, hematoma, or delayed wound healing) between the 2 groups (Table 4) . We also analyzed whether suture types from different manufacturers resulted in statistically significant differences in wound complication rates (Table 5) . Barbed sutures were utilized in 298 surgical encounters (Quill, 62; V-Loc, 228; combination 8). The 2 brands of sutures performed similarly, although excessive erythema along the incision site was significantly more frequent in the Quill group compared with the V-Loc group (16.1% vs 4.8%, respectively; odds ratio [OR] = 3.79, P = .004). In the Quill group, 4 of 10 instances (40%) of erythema occurred in the breast (40%), 4 (40%) occurred in the abdomen, and 2 (20%) occurred in the thigh. In the V-Loc subset, 1 of 11 instances of erythema (9%) occurred in the arm, 4 (36.4%) occurred in the abdomen, 4 (36.4%) occurred in the breast, and 2 (18.2%) occurred in the thigh. Overall reports of wound complications were similar between groups (Quill, 22.6% vs V-Loc, 26.3%). The rate of wound separation with V-Loc sutures was more than double the rate with Quill sutures, although this difference was not statistically significant (10.1% vs 4.8%, respectively; P = .21). Differences between the 2 groups in all remaining wound complication rates were not statistically significant.
Performance of barbed sutures also was analyzed in terms of closure method. One-layer dermal closure (ie, fascial (Table 6) . Similarly, 2-layer wound closure with barbed sutures (ie, fascial closure with PDS II followed by 2 additional sutures in the deep dermis and superficial skin) was compared with traditional, nonbarbed closure ( Table 7 ). The incidence of wound separation was significantly different between these 2 groups (9.30% for 2-layer barbed vs 4.07% for nonbarbed; OR 2.41, P = .003). However, this difference applied only to superficial dermal separation (7.44% for 2-layer vs 2.66% for nonbarbed; OR 2.94, P = .002). The incidences of full fascial dehiscence were not significantly different between groups. The twolayer closure technique had higher rates of overall complications (43.8%) when V-Loc 180 was utilized in the deep dermis, followed by V-Loc 90 in the superficial dermis.
DISCUSSION
Wound closure can be accomplished with various materials and approaches including sutures, staples, closure strips, tissue adhesives, and sealants. First patented in 1964, 13 barbed sutures have gained acceptance and popularity in recent years as alternatives to conventional suture materials. 1 By eliminating the need to tie secure knots, barbed sutures reduce the likelihood of dehiscence secondary to knot breakage, slippage, or suture spitting. The interstices within these suture knots, as well as the spaces between filaments of braided sutures, have served as a nidus for bacteria, increasing the potential for infection. 14 Although the results of this study indicated fewer instances of infection with barbed devices than with nonbarbed sutures (6.7% vs 8.8%, respectively), this difference was not statistically significant. Stratifying barbed suture closure into 1-and 2-layer dermal approximation techniques did not impact these findings. Our results support the notion that barbed sutures, regardless of closure technique (1-or 2-layer), do not increase the risk of surgical site infection. These results are consistent with previous studies of barbed sutures in body contouring procedures, autologous breast reconstruction, and nonemergent cesarean delivery. 5, 7, 8 However, contrary views have been published, particularly with regard to wound closure after knee and joint arthroplasty. 15, 16 Overall Complication Rate
Our finding of a 25.2% overall complication rate following wound closure with barbed sutures was greater than complications observed in studies with similar surgical procedures. 3, 5, 7 However, this overall complication rate was not significantly greater than complication rates after closure with traditional, nonbarbed sutures (23.1%). Comparing overall complications between 1-and 2-layer closure vs traditional methods yielded similar results, as did comparing Quill and V-Loc with traditional, nonbarbed sutures. Grigoryants and Baroni 3 reported a 3.3% complication rate when V-Loc 90 barbed sutures were utilized for 2-layer lipoabdominoplasty wound closure. However, these authors acknowledged an unacceptably high rate of suture extrusion when barbed sutures were placed for upper dermal approximation in brachioplasty and thighplasty. Both of these procedures were included in our study population.
In an analysis of dermal closure of Pfannenstiel incisions, Murtha et al 5 reported a 17.3% complication rate with 0-PDO Quill sutures that did not significantly differ from the 19.7% complication rate observed with 3-0 PDS II. Shermak 7 et al reported a 17.5% complication rate with 0-PDO Quill sutures for closure of Scarpa's fascia in the abdomen, chest, arms, and thighs, compared with a 12.0% complication rate when closing with combined 3-0, 4-0 monofilament sutures. Although we found that the overall rate of wound problems after closure with barbed sutures may be higher than published reports suggest, the complication rates associated with barbed sutures was statistically similar to those associated with traditional, nonbarbed sutures.
Dehiscence
Overall, wound separation was more frequent in patients who underwent closure with barbed sutures than nonbarbed sutures, specifically for superficial skin separation. Theoretically, the benefits of barbed sutures for wound closure include evenly distributed tension across suture lines, avoiding excessive amounts of pressure, and preventing necrosis caused by tissue strangulation and microinfarction. 17, 18 Our findings contradict previous studies reporting similar rates of wound dehiscence with barbed sutures compared with nonbarbed traditional sutures. 8, 19 Comparing V-Loc to Quill barbed sutures yielded differing rates of wound separation, though this difference was not statistically significant. The Quill barbed suture (Figure 3 5 found no incidence of full-wound dehiscence during 5 weeks of follow-up. These authors noted marginal separation in only 1.6% of barbed cases, representing a nonsignificant difference. 5 In autologous reconstructive breast procedures, Jandali et al 8 did not find significant differences in dehiscence rates when comparing Biosyn and PDO Quill SRS to Biosyn alone. In a subset analysis of patients who underwent body contouring procedures, Shermak et al 7 found that barbed sutures were associated with significantly higher wound complication rates in the arm than in the abdomen or thigh (OR, 8.4; P = .046). However, this was attributed to poor skin quality, mobility, and vulnerability to shearing forces in the area of surgical incision and has been further supported in the brachioplasty literature. [21] [22] [23] We revealed a significantly greater risk of wound separation after procedures with barbed sutures, particularly in the superficial dermis. When groups who received barbed sutures were stratified into 1-and 2-layer dermal closure techniques, superficial skin separation was significantly increased in the 2-layer dermal closure group. We believe that stratification of our barbed suture group into 1-and 2-layer closure techniques and subsequent comparison with traditional closure methods helped to elucidate differences in outcomes with various methods of wound closure.
Erythema
Although the incidence of erythema along incision lines was elevated in the group who received barbed sutures compared with those who received nonbarbed sutures, the difference was not statistically significant. However, when comparing Quill and V-Loc sutures directly, we observed a significantly increased incidence in the Quill group. Differences in inflammatory responses from each group may be attributed to differences in suture composition, namely barb geometry, helicity, and needle structure. In a porcine study, Zaruby et al 12 noted statistical differences in histologic analyses of barbed and nonbarbed sutures (Quill Monoderm, V-Loc 90, and Biosyn). Specifically, the V-Loc 90 device consistently demonstrated the least amount of inflammation at days 3 and 10. In addition, the V-Loc 90 device was the least reactive of the 3 suture devices at day 10, demonstrating a significant difference compared with Quill Monoderm (P = .017). Trauma secondary to needle geometry and greater radial compression in the tissues may have contributed to these results, as the latter increases localized inflammation surrounding the suture.
The rate of erythema along incision lines observed with the Quill population was >3 times that of the V-Loc population in our study. One explanation may be a propensity for entrapment of foreign materials within the barbs of the sutures ( Figure 5 ) when compared with traditional monofilaments. Adoption of Quill sutures (and barbed sutures in general) for wound closure began before a mainstream awareness of this potential complication. As the implementation of barbed sutures in wound closure has expanded dramatically to include body contouring, breast, gynecologic, and tendon repair procedures, avoidance of immune reactions to foreign bodies has become increasingly important. Results support decreased bacterial adherence to barbed sutures, which is further reinforced with the recent release of antibiotic-coated barbed sutures. 24 However, foreign-body reactions are a problem intrinsic to the barbed sutures, as their tendency to grasp soft tissue extends to sterile equipment intraoperatively. Implementation of several surgical techniques may help minimize these events, including avoiding direct suture contact with laparotomy pads or sterile drapes, placing barrier dressings (ie, polyethylene 1010 surgical drapes) over the sterile field, and placing sutures in the mid-dermis rather than the superficial dermis.
Operating Time
Although assessing time savings was not an objective of this study, the literature supports this as a major advantage of barbed sutures in wound approximation. Differences in operating times may be more evident depending on the type of surgery and closure methods. In progressive tension closure during abdominoplasty, a 1-PDO Quill barbed suture allowed Warner and Gutowski 25 to reduce closure time for abdominal flap plication to nine minutes from 15 to 20 minutes placing interrupted sutures. Grigoryants and Baroni 3 demonstrated statistically significant time savings in closure times for 2-layer closure of Scarpa's fascia and the upper dermis with V-Loc 90 sutures compared with standard 3-layer closure with Vicryl and Monocryl. These authors noted no obvious difference in scar appearance when both techniques were performed on the same patient by the same surgeon. 3 Jandali et al 8 noted similar findings in a study of patients undergoing autologous unilateral breast reconstruction.
Recent Literature
Various authors have proposed techniques for the application of barbed sutures to wound closures of the face, arms, thighs, abdomen, and breasts; [26] [27] [28] [29] however, few authors have directly compared their optimal techniques for barbed sutures with conventional sutures. In September 2013, Aesthetic Surgery Journal published a supplement on barbed sutures that was funded by the manufacturer of Quill sutures, regarding the advent and release of this new technology. 30, 31 Most of the authors in the supplement reported a positive attitude toward outcomes with barbed sutures and the future potential of these devices, but these accounts were based on anecdotal, albeit extensive, experience. 30, 31 The supplement was a valuable contribution to the literature regarding barbed sutures, but it highlighted the need for independent, systematic, outcomes-based studies to support adopting barbed sutures in evidencebased practice. Matarasso 30 alludes to the lack of level 1 to 3 evidence in this field, and Rosen 28 notes that the publication of data supporting barbed sutures currently lags behind the pace of technological development. Barbed sutures represent an innovative advance that reportedly reduces operative time, eliminates or reduces the need for drains, and improves cosmesis; 28 however, evidence-based guidance regarding the role of barbed sutures in wound closure is limited. Our enthusiasm for these new techniques should be tempered with caution.
The aforementioned supplement included a retrospective series of 360 patients in which Hurwitz and Reuben 31 compared barbed sutures with running absorbable braided sutures in body contouring and found reduced complications in the arm and trunk, but not the thigh, among patients who received barbed sutures. The authors cited a high complication rate (71.2%) for suture-line wound healing with traditional sutures, 31 whereas the results of our study show an overall complication rate of only 23.1%. The findings of Hurwitz and Reuben 31 contrast with earlier findings by Shermak et al, 7 who showed that barbed sutures increase wound complications and do not decrease operative times compared with traditional running sutures, particularly in brachioplasty. Hurwitz and Reuben's 31 retabulation of data reported by Shermak et al 7 shows a positive association between barbed sutures and complications. In addition, Hurwitz and Reuben 31 explain why operative times were not reduced in the study by Shermak et al, 7 but their explanation is based solely on speculation about the methods of Shermak et al. 7 Our results corroborate those of Shermak et al. 7 
Limitations
The direct comparison of barbed with nonbarbed sutures without standardization of specific material types (eg, PDO, polyglactin) is a limitation of this study. The retrospective nature of our study also limits postoperative analyses to physician records. We attempted to expand upon the appropriateness of barbed sutures for deep layers vs superficial layers by further separating the study cohort into subpopulations. However, the resulting cohorts were very small, limiting the effective statistical power of these groups. Subsequent large prospective studies could avoid these limitations. A failure in deep-layer closure could have contributed wound complications in the present study. We plan to address this concern in future studies. Attempts to compare observed complications after superficial dermal closure with PDO vs Quill Monoderm (2-0 and 3-0) sutures yielded sample sizes that were too small to draw significant conclusions; thus, we could not determine whether PDO sutures were associated with increased incidences of erythema and extrusion.
Suboptimal standardization of patient charts is a potential limitation in this study, particularly with regard to minor complications (eg, erythema). The surgeries were performed at a teaching institution with residents and fellows assisting in wound closure under supervision by the attending faculty. Several surgeons with different follow-up protocols performed procedures on the patients in our study group. This could have influenced the occurrence and the reporting of postoperative complications.
CONCLUSIONS
Our results showed significantly increased rates of minor wound complications in patients who received barbed sutures compared with nonbarbed sutures. Mild dehiscence, specifically superficial skin separation, was significantly higher in the group who received barbed sutures. In our subgroup analysis of 1-vs 2-layer dermal closure with barbed sutures, only the 2-layer technique was associated with significantly higher rates of superficial skin separation. With only minor differences detected between Quill and V-Loc sutures, it appears that surgeon preference, perceived ease, and convenience may be the deciding factors when choosing a barbed suture for soft-tissue approximation.
